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(54) PLASMA PROCESSING SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a high-quality product in a 
short period at a low cost by setting the magnetic field practically 
weaker in the peripheral region of an inner space than at the 
center section in the region below an electroconductive coil, and 
exciting the process gas into a nearly uniform plasma with the 
magnetic field. 

SOLUTION: This plasma processing system contains an enclosure 
section 12 having an access section 14 formed in an upper wall 16. 
An insulating shield 18 is arranged below the upper wall 16 and 
extends across the access section 14. The insulating shield 18 is 
strongly stuck to the upper wall 16 to form the vacuum- 
withstanding interior 19 of the enclosure section 12. A planar coil 
20 is arranged in the access section 14 adjacent to the insulating 
shield 18. The planar coil 20 is spirally formed and has a central tap 
22 and an outside tap 24. The plane of the planar coil 20 is faced in 
parallel with the insulating shield 18 and a support mount face 13 
mounting a semiconductor wafer W. The planar coil 20 generates 
planar plasma in the interior 19 of the enclosure 12 parallel with the 
semiconductor wafer W. 
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* NOTICES * 




JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] abbreviation — with the plasma treatment chamber which is the plasma treatment system which 
processes a substrate with the uniform plasma, and has the building envelope where some [ at least ] boundaries 
were constituted with insulating shielding and a side attachment wall The substrate base material which 
supports a substrate in the building envelope of said plasma treatment chamber, It is told through said insulating 
shielding that radio frequency energy is the gas supply section which supplies raw gas in said plasma treatment 
chamber to the building envelope of said plasma treatment chamber. It has the radio frequency energy source 
which has the electric conduction coil which generates a uniform field, abbreviation to which the field was 
restricted to the bottom of said insulating shielding in said plasma treatment chamber ~ said field the center 
section which is a field under said electric conduction coil — the boundary region of said building envelope — 
substantial — weak — this field — said raw gas -- abbreviation — the plasma treatment system characterized by 
being excited by the uniform plasma. 

[Claim 2] The size of the longitudinal direction of the plasma generated with said electric conduction coil is a 
plasma treatment system according to claim 1 characterized by carrying out abbreviation correspondence at the 
size of the longitudinal direction of said electric conduction coil. 

[Claim 3] The size of the longitudinal direction of said electric conduction coil is a plasma treatment system 
according to claim 1 characterized by having the dimension of the longitudinal direction of said substrate base 
material, and the breadth of abbreviation identitas. 

[Claim 4] The field by which a field is restricted to the bottom of said insulating shielding in said plasma 
treatment chamber is a plasma treatment system according to claim 1 characterized by having the field 
distribution corresponding to the field distribution shown in drawing 5 . 

[Claim 5] The distance of said electric conduction coil and substrate front face is a plasma treatment system 
according to claim 1 characterized by being 3-1 5cm. 

[Claim 6] The distance of said electric conduction coil and substrate front face is a plasma treatment system 
according to claim 1 characterized by being 5- 10cm. 

[Claim 7] It is the plasma treatment system according to claim 1 which said electric conduction coil generates 
the field distribution which passes said insulating shielding, and is characterized by determining the field 
distribution inside the building envelope of said plasma treatment chamber by vector composition with the field 
from said electric conduction coil, and the field in which induction is carried out by the flow of the electron in 
the plasma. 

[Claim 8] said electric conduction coil — the field of said substrate base material — abbreviation — the plasma 
treatment system according to claim 1 characterized by generating the uniform flow of the electronic group 
through which is in an parallel field and it circulates by the inside of said side attachment wall. 
[Claim 9] Said electric conduction coil is a plasma treatment system according to claim 1 characterized by a 
core KISHARU coil connecting with radio frequency energy. 

[Claim 10] Said plasma treatment chamber is a plasma treatment system according to claim 1 characterized by 
including a CVD plasma fission reactor or a plasma-etching fission reactor. 

[Claim 11] the direction which said electric conduction coil has 1 or two or more number of turns, and crosses a 
substrate — abbreviation — the plasma treatment system according to claim 1 characterized by generating a 
uniform field. 

[Claim 12] It is the plasma treatment system according to claim 1 by which said electric conduction coil guides 
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a field only in the field iBrch covers a substrate, and said gas suppljMRtion is characterized by said field 
supplying said raw gas to the perimeter of the part of the maximum reinforcement. 

[Claim 13] Said radio frequency energy source is a plasma treatment system according to claim 1 characterized 
by impressing radio frequency energy to said substrate base material so that potential may be impressed 
between said substrate base materials and said electric conduction coils. 

[Claim 14] Said electric conduction coil is a plasma treatment system according to claim 1 characterized by 
including the plane coil arranged in parallel with the exposure of a substrate. 

[Claim 1 5] Said electric conduction coil is a plasma treatment system according to claim 1 characterized by the 
gap from a flat surface having 20% or less of surface smoothness of the dimension of the longitudinal direction 
of said electric conduction coil. 

[Claim 1 6] Said electric conduction coil is a plasma treatment system according to claim 1 characterized by 
having the cross section of a longitudinal direction smaller than the cross section of the longitudinal direction of 
said building envelope. 

[Claim 1 7] The field of the maximum reinforcement of said plasma is a plasma treatment system according to 
claim 1 characterized by being restricted inside said side attachment wall, without being based on magnetic 
closing ****** of the plasma. 

[Claim 1 8] Said electric conduction coil is a plasma treatment system according to claim 1 characterized by 
having the size corresponding to the size of the plasma generated with this electric conduction coil. 
[Claim 19] Said plasma is a plasma treatment system according to claim 1 characterized by generating the 
pressure in said building envelope in the range of 1 0-5 - 5Torr in said plasma treatment chamber. 
[Claim 20] How to process a substrate using a plasma treatment system according to claim 1 . 
[Claim 21] abbreviation — with the plasma treatment chamber which is the plasma treatment system which 
processes a substrate with the uniform plasma, and has the building envelope where some [ at least ] boundaries 
were constituted with insulating shielding and a side attachment wall The substrate base material which 
supports a substrate in the building envelope of said plasma treatment chamber, It is told through said insulating 
shielding that radio frequency energy is the gas supply section which supplies raw gas in said plasma treatment 
chamber to the building envelope of said plasma treatment chamber, thereby — said building envelope — 
abbreviation — the plasma treatment system characterized by having had the radio frequency energy source 
which has the electric conduction coil which generates a uniform field, and having exposed the outside of said 
side attachment wall to outer space. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to generation of the suitable homogeneous high plane plasma, in 
order to start the approach and equipment for producing the plasma of the low voltage force, for example, to 
process substrates, such as a semi-conductor wafer, in the processor of the low voltage force. 
[Description of the Prior Art] Generation of the former to the plasma is useful in various semi-conductor 
manufacture processes, such as etching, resist removal, passivation, and vacuum evaporationo. 
[0002] Generally, the plasma is generated from the gas for processing of the low voltage force by guiding the 
flow of the electron which ionizes each gas molecule through migration of the kinetic energy by the collision 
between each electron gas molecules. Usually, an electron is accelerated in the radio frequency electric field 
produced in electric field by inter-electrode [ of the pair which was turned typically in parallel with a semi- 
conductor wafer, and which counters ]. 

[0003] However, since an electron is accelerated, in use of the electric field of the direction of a normal of a 
wafer, kinetic energy cannot be effectively given to an ion cluster. Especially, kinetic energy cannot be given 
under low frequency and the pressure of less than about 0.1 torrs. Under such conditions, the great portion of 
electronic energy disappears by the collision with the wall of an electronic processing chamber, or the semi- 
conductor wafer itself. The direct collision with a semi-conductor wafer and an electron is not only useless in 
respect of energy, but it can cause heating of the extraordinary wafer which becomes disadvantageous. 
[0004] Some approaches have been proposed in order to increase the effectiveness of plasma production during 
use in a semi-conductor processor. For example, the inclination to move electronic energy increases in the 
molecule of the gas for processing rather than the wall or semi-conductor wafer of a processing tub by using the 
number of ultrahigh frequency which shortens electronic oscillating width of face in a microwave resonance 
chamber. Symmetrically, in electronic cyclotron resonance (ECR), the controlled magnetic field which guides 
electronic periphery-like flow within the gas for processing is used. 

[0005] By the approach of both above, although a high energy conversion efficiency can be attained relatively, 
the bad homogeneous plasma is generated very much. Therefore, before providing for a semi-conductor wafer, 
it is necessary to make this plasma into homogeneity. Usually, before exposing a wafer or a wafer group to the 
plasma, when only a certain distance passes the plasma, a certain amount of homogeneity may be attained. 
[0006] However, a certain amount of ion recombination which degrades the effectiveness of the plasma arises. 
Moreover, the range of working pressure must be limited in the system of each above. Generally the microwave 
resonance chamber is effective to the pressure of the gas for processing from about 1 torr to 760 torrs. On the 
other hand, generally ECR is effective to the pressure of the gas for processing from 0.0001 torrs to 0.1 torrs. 
Furthermore, the magnetic field which the price of both systems and the complexity of a design increase, and is 
required of an ECR system according to the need of giving an excessive flow distance to the plasma is difficult 
to control. 

[0007] Although both other approaches that raise plasma production effectiveness in a semi-conductor 
processor are called inductively coupled plasma, they include the plasma system (for example, reactive ion 
etching raised magnetically) raised magnetically and the electronic acceleration by which inductive coupling 
was carried out. The plasma system raised magnetically produces a stationary magnetic field parallel to a wafer 
front face, and the electric field of high frequency perpendicular to a wafer front face. According to the force 
acquired combining a stationary magnetic field and the electric field of high frequency, an electron flows along 
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i^^>ws as compared with the straight-line \^^^ 



the way of a cycloid, ancrobws as compared with the straight-line \^^juided by only electric field, and 
distance increases it. 

[0008] In addition, Skidmore (1989), Semiconductor International June 1989, and pp 74-79 are the reviews 
explaining electronic cyclotron resonance (ECR) and the reactive-ion-etching system (MERIE) raised 
magnetically. The plasma production system using the induction resonance object of the screw type for 
producing the plasma on the outside of an etching chamber is explained to the United States patent number 
4,368,092. The plasma is non-homogeneity and passes a tube before use. The plasma production equipment 
which carries out induction of the electronic rotation to the United States patent number 4,421 ,898 within the 
insulating tube with which the converter which has a magnetic core carries the gas for processing and which 
was combined inductively is explained. The ionized gas is not uniform and the exposure to a wafer is generated 
on a lower stream of a river. The conventional parallel plate plasma-etching machine generated by a wafer's 
being positioned on a downward electrode by the United States patent number 4,626,312, and the plasma's 
crossing an upper electrode parallel to a downward electrode and this downward electrode for it, and giving 
radio frequency energy to it is explained. The plasma treatment and the chemistry gaseous-phase vacuum 
evaporationo (CVD) to reactive ion etching which were raised magnetically are explained to the United States 
patent numbers 4,668,338 and 4,668,365, respectively. 
[0009] 

[Problem(s) to be Solved by the Invention] However, although the above-mentioned approach offered good ion 
generation effectiveness, there was a problem that it was very difficult to maintain the magnetic field which is 
demanded in semi-conductor processing and where it is large and homogeneity is high. Moreover, actuation of 
the plasma system raised magnetically had the problem that it was generally limited to the pressure range from 
about 0.01 torrs to 0.1 torrs. 

[0010] Moreover, in the plasma treatment by which inductive coupling was carried out, an electron is poured 
according to the way carried in the continuation. The vocabulary "the plasma combined inductively" is used to 
two different techniques, and both techniques use alternating current in order to move binding energy to gas. 
The magnetic core of a ferrite is used for the 1st in order to raise the converter combined between main knees 
and the 2nd knee which consists of a closing way through gas. Such a technique is usually used by less than 
550kHz low frequency. The coil of the solenoid which encloses the gas of the shape of an ionized cylinder is 
used for the 2nd technique. This technique can be used for either low frequency or the frequency in the range of 
13.56MHz. Neither of these techniques offers the plasma parallel to this front face, and uniform to near the 
front face of a wafer. 

[001 1] The approach for generating the very uniform plasma and offer of equipment (for example, an etching 
system, vacuum evaporationo equipment, a resist stripper, etc. are included) are desired in the semi-conductor 
processor for such a reason. The above-mentioned equipment can generate the flow of the plasma of high 
density over a very large pressure range, moreover, the ion energy in which the plasma has rectilinear- 
propagation nature — most — or it is produced so that it may not have at all. 

[0012] With control of the flow of the plasma, depending on selection, equipment should control rectilinear- 
propagation energy independently, and should give rectilinear-propagation energy to plasma ion. It will be 
desirable, if the design of equipment is relatively easy and actuation and control of equipment can be especially 
managed with the minimum investment easily. Similarly, an approach is intelligible, and if activation can give 
the manufacture of high quality easily to the minimum expenses and a short time, it will be desirable. 
[0013] 

[Means for Solving the Problem] In this invention for solving the above-mentioned technical problem, an 
approach and equipment to bring an approach and equipment into the large range relatively, and for an approach 
and equipment generate the plane very uniform plasma are offered. An ion kind and a free radical kind make the 
acceleration to a non-plane direction min by the plasma, it is produced, and the plasma acquired has very low 
kinetic energy. As a characteristic advantage, by this invention, it can cross to 5 torrs and the very large pressure 
range beyond it from 10 to 5 torrs typically, and the plane uniform plasma can be produced. Generally such 
large working pressure range was not obtained with single plasma production equipment. Especially the 
approach and equipment of this invention are relatively simple for work, actuation, and control at the 
comparison with the demand in magnetic field control of ECR and MERIE. 

[0014] The equipment of this invention consists of the enclosure sections which have the interior of 1 divided at 
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least in a part by insulat!^ shielding or the aperture. A plane coil isrWanged most near the above-mentioned 
shielding, and the radio frequency power supply of 1 is combined with the above-mentioned coil. Usually, a 
radio frequency power supply is combined through the impedance matching circuit for making power 
conversion into max, and the frequency at the time of actuation and the tuning circuit for presenting resonance 
by 13.56MHz typically. The inlet-port section is given in order to supply the gas for processing to enclosure 
circles. In order to resonate radio frequency current through a coil, the plane magnetic field which encloses 
through insulating shielding and extends in circles is guided. Thus, induction of the flow which an electron 
rotates is carried out. The flow which an electron rotates makes the migration stroke before an electron's 
enclosing and colliding with the wall of the section increase greatly. Furthermore, since an electron is firmly 
restricted to one flat surface parallel to a plane coil, transition of the kinetic energy to the non-plane direction is 
minimized. 

[0015] In a desirable example, the enclosure section contains plane goods and the back face which supports a 
semi-conductor wafer typically. This front face supports a wafer in 1 flat surface parallel to the flat surface of 
the plasma in parallel with the flat surface of a coil. Subsequently, a semi-conductor wafer is exposed to the 
flow of the very uniform plasma, and, thereby, uniform plasma treatment is compensated. Since the motion 
velocity to the non-plane direction of a plasma kind is min, the movement-collision of a up to [ a semi- 
conductor wafer ] is minimized. That is, generally processing may be restricted to the chemistry interaction of a 
plasma kind with a semi-conductor wafer. 

[0016] The approach and equipment of this invention are useful to various semi-conductor processing actuation, 
such as plasma etching, vacuum evaporationo processing, resist removal, and chemistry gaseous-phase vacuum 
evaporationo by the plasma. 

[0017] The velocity compornent to the direction of a normal is given to the front face of a semi-conductor wafer 
by impressing radio frequency potential in the direction of a normal to the flat surface of the plasma depending 
on selection. For example, such potential may be impressed by crossing the support front face where plane coil 
and semi-conductor wafer are supported, and connecting a radio frequency power supply. 
[0018] 

[Embodiment of the Invention] The enclosure section which defines the internal chamber by which the plane 
plasma is generated, and in which air generally does not get wet is used for this invention. The enclosure section 
contains the outlet section of at least 1 for connecting with a vacuum system so that it may hold desirable 
working pressure in the inlet-port section of at least 1 for introducing the gas for processing, and the interior of 
the enclosure section. The system for holding the pressure which supplied the gas for processing selected 
beforehand in the interior of the enclosure section, and was selected beforehand is the technique known well, 
and it is not necessary to explain it further. 

[0019] In the interior of the enclosure section, in order to usually support the goods group processed, one or 
more installation sides are located. Typically, the installation side is usually arranged at the flat surface of the 
plasma in the direction which faced the plane plasma which encloses and is generated by circles and selected 
beforehand, and the direction which is parallel generally. 

[0020] In order to guide the plane desirable plasma, the coil of 1 which has conductivity electrically encloses, 
and the outside of the section is approached and it is arranged. A coil is a flat surface substantially and is the 
single **** element generally formed from a superficial whorl or a series of concentric ****. By guiding radio 
frequency current in a coil, a magnetic field is produced so that the flow of a circular electron may be guided in 
most on the surface of a coil in an parallel plane region. Although the pattern of an ellipsoid and the variation 
rate of since other truth is circular are permitted, the plane coil is circular in most. Furthermore, the coil is 
shifted from a flat surface or how much, or flat-surface ** truly to the direction of a path. The gap from flat- 
surface ** is less than [ of the path of a coil ] 0.2, and is usually less than [ of a path ] 0.1. Adjustment of the 
profile of a coil is accomplished in order to improve the form of the electric field generated. The path of a coil 
corresponds to the dimension of the plasma which should be generated in most. The path of a coil is the range 
from 8cm to 20cm, and is usually 13cm to 18cm. The path of a coil is about 13cm to 18cm in most because of 
processing of each semi-conductor wafer. 

[0021] In order that it may go across a coil in all those directions and it may produce a uniform magnetic field 
relatively, it contains a sufficient number of number of turns. In order that number of turns may process each 
semi-conductor wafer depending on the path of a coil, the******** coil with a dimension usually has about 5 
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thru/or the number of turns of eight pieces. The inductance from wnT^Ta coil is obtained is usually 1 .2 
microhenries to 3.5 microhenries, and an impedance is within the limits from 100 ohms to 300 ohms. 
[0022] For convenience, a plane coil is formed from the metal which has conductivity electrically, and is 
usually formed from copper. A coil has the flow which carries a charge by impedance (about 5 ohms thru/or 30 
ohms) of within the limits. 

[0023] A plane coil adjoins insulating shielding formed in the enclosure circles for processing, and is arranged. 
Although insulating shielding allows transparency of the magnetic field produced with a plane coil, it holds the 
insulation inside the enclosure section. The remaining section of the enclosure section is usually a metal. 
Insulating shielding usually consists of a quartz and, on the other hand, the ceramics which does not absorb 
energy on other insulating materials, especially the frequency at the time of operation may be used. For 
convenience, insulating shielding is adjoined and put on the entrance formed in the wall of the enclosure 
section. The configuration of an entrance is usually equivalent to the configuration of a plane coil, and typically 
circular, in order that a plane coil may make max reinforcement of the magnetic field produced by enclosure 
circles — insulating shielding — close — or it is contacted and arranged. The thickness of insulating shielding is 
not an important thing, and it is chosen so that fully for bearing the differential pressure usually made by the 
vacuum of enclosure circles. 

[0024] A plane coil is driven by the radio frequency (RF) generator of the mold generally used in actuation of a 
semi-conductor processor. Normal operation of the RF generator is carried out to the frequency and type target 
which are within the limits of about 18.56MHz thru/or 100MHz on the frequency of 13.56MHz. the RMS 
electrical-potential-difference machine which RF generator has a usually low impedance, is about 50 ohms 
typically, and is usually about 70 volts or more at least about 50 volts — using — about 1 A — or 6 A about 2 A 
thru/or 3. 5 A can usually be produced. For convenience, RF generator has the output terminal of the 
configuration of the coaxial cable by which direct coupling is carried out to the circuit concerning one example 
of this invention so that it may be explained below at a detail. 

[0025] In order to etch each semi-conductor wafer into below with reference to Figs. 1 and 2, a suitable plasma 
treatment system is explained. 

[0026] The plasma treatment system 10 contains the enclosure section 12 which has the access section 14 
formed in a upper wall 16. It is arranged at upper wall 16 lower part, and the insulating shielding 18 crosses the 
access section 14, and is prolonged. The insulating shielding 18 is strongly stuck to a upper wall 16, in order to 
appoint the interior 19 which bears the vacuum of the enclosure section 12. 

[0027] The plane coil 20 is arranged in the access section 14 which adjoined the insulating shielding 18. The 
plane coil 20 is formed spirally and has a centre tap 22 and the outside tap 24. The flat surface of the plane coil 
20 is turned in parallel to both support installation sides 13 which lays the insulating shielding 18 and the semi- 
conductor wafer W. Thus, the plane coil 20 can produce the plasma of the plane in the interior 19 of the 
enclosure section 12 parallel to the semi-conductor wafer W, and is explained further below at a detail. 
Although the distance of the plane coil 20 and the support installation side 1 3 is generally within the limits of 
3cm thru/or 15cm, depending on characteristic application, it is usually an exact distance within the limits of 
5cm thru/or 10cm. 

[0028] With reference to Figs. 1 thru/or 3, the plane coil 20 operates by the RF generator 30 of the mold 
mentioned above. The output of the RF generator 30 is supplied to a matching circuit 34 with a coaxial cable 
32. A matching circuit 34 adjusts effective association of a circuit, and includes the main coil 36 and the 2nd 
loop formation 38 which are positioned mutually, taking the load to the circuit in the frequency at the time of 
actuation into consideration. For convenience, the main coils 36 are laid on the disk 40 which rotates to the 
circumference of an axis of ordinate 42 in order to adjust association. 

[0029] Moreover, it is stood in a row and given to the 2nd loop formation 38 in order that a variable capacitor 
44 may adjust the resonance frequency of a circuit to the output frequency of the RF generator 30. Impedance 
matching makes max effectiveness of power migration in the plane coil 20. In order that the addition capacitor 
46 may negate a part of inductive reactance of the main coils 36 in a circuit, it is given into a main circuit. 
[0030] Moreover, other circuitry is also employable, in order to align actuation of the plane coil 20 in 
resonance, and in order to adjust the impedance of a coil circuit. Such all modification in an electrical circuit is 
taken into consideration within the limits of this invention. 

[0031] With reference to Figs. 2 thru/or 4, the gas for processing encloses the side attachment wall of the 
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enclosure section 12 thiSfgh the inlet-port section 50 formed by pei^Kting, and is introduced in the interior 19 
of the section 12. 1 of the inlet-port section 50 is not an important thing, the interior 19 is penetrated and gas 
may be introduced from what kind of point distributed and given to homogeneity. 

[0032] In order to raise the uniformity of gas distribution further, the distribution ring 52 may be given. The 
distribution ring 52 is laid in the support installation side 13 upper part for convenience, and surrounds the 
perimeter of the access section 14. The distribution ring 52 contains a series of nozzle 56 groups prolonged to 
the annular high-pressure section 54 and the center section 58 as for which the distribution ring 52 carried out 
opening from this high-pressure section 54. Thus, the gas for processing which enters is distributed equally to 
the surroundings of the field of the maximum reinforcement of the magnetic field guided with the plane coil 20. 
Preferably, a nozzle 56 may be turned in the direction from which it separated from radial [ of the distribution 
ring 52 ] in order to divide and give a spiral flow pattern to the gas for processing which enters. 
[0033] With reference to Fig. 5, the plane coil 20 guides the magnetic field which penetrates the insulating 
shielding 18, and as shown by the broken line, it has the curve 60 which shows magnetic field strength. The 
adjustable magnetic field in a plasma chamber is composition of each magnetic field vector from a spiral coil, 
and a magnetic field is caused by the flow of the electron within the plasma. Since the magnetic field from the 
plasma counters a magnetic field from a coil, a magnetic field uniform as a result is required as the magnetic 
field from a coil becoming stronger towards a center. A spiral coil gives the magnetic field of such a 
characteristic configuration in order to give a magnetic field uniform as a result, i.e., the uniform plasma. To all 
the directions of a path of the plane coil 20, magnetic field strength is very uniform and can produce the very 
uniform flow of the electronic group parallel to both the plane coil 20 and the insulating shielding 18 which 
generally rotates in a plane region. Superficial rotation of such an electronic group can guide the very uniform 
flow of an ion cluster and/or a free radical group in the plasma formed when an electronic group collides with 
each molecule of the gas for processing succeedingly. A plasma ion cluster and a free radical group are contrary 
for having an alternative small rotational-speed component, and do not have most or any velocity compornents 
in the direction of a normal to the flat surface of the plane coil 20. As long as Wafer W (or other goods are 
processed) is turned in parallel with the plane coil 20, a reactant plasma kind faces the front face processed, and 
has a very low rate. Thus, the problem relevant to using the plasma of the high energy which faces the goods 
processed and has a velocity compornent substantially may be avoided. 

[0034] However, it is desirable to have the ionic velocity faced and controlled by the goods processed in a 
certain case. 

[0035] With reference to Fig. 6, the velocity compornent to the direction of a normal may be attained to Wafer 
W by crossing the plane coil 20 and the wafer susceptor 70 which is conductivity electrically, and impressing 
RF potential. The 2nd RF generator 72 can operate also on a high frequency (about 13.56MHz or more) also 
with a low frequency (less than about 550kHz). Therefore, the 2nd RF generator 72 can operate on a different 
frequency from the generator 30 which guides the resonance current in the plane coil 20. For example, the RF 
generator 30 is driven by 13.56MHz, and drives the 2nd RF generator 72 by 400kHz. The characteristic 
advantage of the system shown in Fig. 6 originates in it being possible to control independently the rate of the 
direction of a normal divided and given to the ion flow within the plasma (the amount of energy led to the 
system through the RF generator 30 is controlled) and (the output of the 2nd RF generator 72 is controlled) a 
reaction kind. 

[0036] With reference to Fig. 7, the configuration immediately after choosing to the plane coil 80 concerning 
other examples of this invention is shown. The plane coil 80 consists of a series of ring 82 concentric groups, 
and each ring 82 which continued is connected by the short crossing member 84. The plane coil 80 is connected 
to the remaining electrical circuit device concerning one example of this invention mentioned above including a 
centre tap 86 and the outside tap 88. 

[0037] At the time of actuation, the gas for processing selected beforehand is introduced into the interior 19 
through the inlet-port section 50, as mentioned above. It depends for the pressure at the time of actuation on the 
characteristic processing carried out. 

[0038] The characteristic advantage of this invention is found out by the very large pressure range where the 
plasma is generated. By guiding the resonance current in the plane coil 20, the plasma is generated also under 
the low pressure of about 10 to 5 torrs, or the high pressure of about 5 torrs. 

[0039] Also although above-mentioned invention is stated to a detail in order to clarify an understanding, and it 
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excels, it is clear that i^^y amelioration can be performed within^j^imits of a claim. 
[0040] According to the equipment for generating the plane plasma to which magnetic coupling of this 
invention was carried out as explained above A means to introduce the gas for processing into the interior of 
this enclosure section that had at least the part divided by insulating shielding of 1 , The coil of 1 of a plane 
[ target / which is conductivity electrically / which has been stationed on the outside of said enclosure section 
nearest to said insulating shielding / real ], It has a means to combine the radio frequency power supply of 1 
with this coil. Said means to join together Since a means to make said coil adjust the impedance of said radio 
frequency power supply, and a means to align a resonance circuit in order to prepare for resonance are included 
The magnetic field of homogeneity can be held greatly, and it crosses to the very large pressure range 
demanded from semi-conductor processing, and the flow of the plasma of high density can be generated. 
[0041] Moreover, the enclosure section of 1 which has the interior of 1 which had at least the part divided by 
insulating shielding of 1 according to the equipment for processing goods with the plasma of this invention, The 
means for supporting the goods of 1 processed in the flat surface which is in these enclosure circles and was 
selected beforehand, The coil of 1 of the plane which is conductivity electrically arranged on the outside of said 
enclosure section nearest to said insulating shielding, Since it had a means to combine the radio frequency 
power supply of 1 with this plane coil, and a means to introduce the gas for processing into said enclosure 
circles under the controlled pressure and said plane coil was turned in parallel with the flat surface selected 
beforehand The design of equipment is relatively easy and actuation and control of equipment can be easily 
managed with the minimum investment. 

[0042] Furthermore, according to the approach for processing a goods group with the plasma of this invention 
Put a goods group on the enclosure circles of 1 , and the gas for processing is introduced into said enclosure 
section under the controlled pressure. Radio frequency current is resonated in the coil of plane 1 on the real 
target stationed on the outside of said enclosure section nearest to insulating shielding of 1 formed in said 
enclosure circles. Since the plane parallel plasma of 1 was substantially formed in said enclosure circles in said 
coil, an approach is intelligible and can give the manufacture of quality with activation high for the minimum 
easy and expenses and a short time. 
[0043] 

[Effect of the Invention] according to this invention — a substrate — abbreviation — it can process with the 
uniform plasma. 

[Translation done.] 
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* NOTICES * 

iTPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 7 ] 
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Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




BLURRED OR ILLEGIBLE TEXT OR DRAWING 



FADED TEXT OR DRAWING 



